Introduction: Retention of provisionallycemented implant-supported restorations plays an important role in success of the treatment. Uncemented restorations may cause several problems such as restoration swallowing, increased bone loss and prosthesis failure. Therefore, suitable cement compromising between retention and retrievability as well as extra-means of abutment retention might be preferable for durable implant restorations. Objectives: This study introduced circumferential and axial grooves on implant abutments as retentive promoters and evaluated their effect on the retention of crown copings cemented to implant abutments with provisional luting cements. Materials and methods: Twenty straight titanium implant abutments were divided into 4 groups (n=5): without grooves, with 1 axial groove, with 2 circumferential grooves, and with 3 circumferential grooves. Twenty nickel chromium crown copings were fabricated to fit all 20 abutments. The copings were cemented to each group of abutments with non-eugenol provisional cement. After storage for 24 hours in 100% humidity at 37°C, specimens were subjected to 500 cycles of thermal cycling, then 5000 cycles of compressive load to simulate the thermal and mechanical stresses in the oral environment. Tensile strengths were conducted with a universal testing machine and tensile stresses were recorded in Newton. After the retention test, the copings and abutments were evaluated for cement failure mode with Stereoscopic Microscope. Collected data were analyzed using one-way analysis of variance (ANOVA) and Tukey's HSD tests (α=.05).
INTRODUCTION
Successful osseointegration of implant materials and soft tissue management techniques have allowed the single tooth implant procedure to become a viable treatment option (1) .
Implant-supported fixed prostheses may be cemented or screw-retained onto the implant abutments.The most common advantages of the cement-retained crown are enhanced posterior esthetics, ability to correct minor casting misfits between superstructure and abutments, and reduced technique sensitivity both in the clinic and the laboratory. Their greatest disadvantage is the lack of a reliable means of retaining and then retrieving the superstructure for routine care and maintenance (2, 3) .
Crown retention is a very important factor in the success of fixed restorations. The necessity for retention and resistance of cement-retained restorations are related to the geometry of the abutment preparation, surface area, abutment height, surface roughness, and cement type.Surface roughness and luting agents are factors that can be controlled by the clinician (4) .The choice of cement is one of the most important factors controlling the amount of retention attained. A selection of cement that is too retentive could lead to damage due to use of aggressive removal techniques; while selection of cement that is not retentive enough could be a potential source of patient's discomfort (5) .
Provisional cementation is preferred at the delivery of final restoration. The implant differs from a natural tooth in that it does not provide early symptoms of occlusaldisharmony. The soft tissue health and hygiene may be evaluated at the follow-up appointment and may mandate the modification of embrasures or pontics to improve access. The disadvantage of provisional cements on natural teeth is the risk of cement failure resulting into decay. As implants do not decay, temporary cement often may be used as definitive cement and permit an easy retrieval of the prosthesis if intermediate or long term complications develop as recommended by many authors (6) (7) (8) (9) (10) (11) . This use of temporary cements has been promoted as excess extruded cement may dissolve within a short period of time, however, not all temporary cements may dissolve rapidly particularly when located subgingivally (12) .
Effect of Circumferential and Axial Grooves on the Retention of Provisionally Cement-Retained Implant-Supported Crowns (In Vitro Study)
Several studies evaluated the effectof abutment surface roughness by sandblasting on bond strength because of the resulting microretentive ridges (13) (14) (15) (16) .A recent study compared the effects of nano and microabrasive particles in roughening abutment surface for increasing retention (17) . Abutment surface modification with diamond bur could also improve the retention of cemented restorations (18) . Other studies suggested that varying abutment height and platform size may affect bond strength (19) (20) (21) (22) (23) . Also, modification of abutment axial walls may have positive effect on retention of cemented castings (24) . A further study was done to evaluate the effect of extending the casting into screw access channel to increase its retention when provisionally cemented (25) .
The purpose of this study was to introduce the use of circumferential and axial grooves on implant abutments and to evaluate their effect on the retention of provisionally cemented implant restorations.
The null hypothesis was that circumferential and axial grooves would not affect the retention of cemented copings.
MATERIALS AND METHODS
Twenty straight abutments (Biohorizons, Birmingham, USA) (4,5mm diameter and 8.0 mm height) with abutment screws, corresponding stainless steel laboratory internal implant analogs (4.5 mm diameter) (Biohorizons, Birmingham, USA) and waxing sleeves (Biohorizons, Birmingham, USA) were used ( Fig.1) . (27) . Other than the type and number of grooves, the abutments were identical. Grooves were done by BB25-1 small lathe (SJMC Machine Tools Co., Ltd-China).
Each specimen was embedded and stabilized in a prefabricated split copper mold filled with selfpolymerizing acrylic resin (Orthoplast; Vertex-Dental, Zeist, The Netherlands) to form acrylic bases to facilitate the testing procedure (Fig. 2) . Then, the abutment screws were tightened with hex driver and calibrated torque wrench (Biohorizons, Birmingham, USA) to a torque of 30 N.cm (according to manufacture instructions). Nickel Chromium crown copings (Ivoclar Vivadent, Amherst, USA) were fabricated from waxing sleeves (Biohorizons, Birmingham, USA), attached to it a wax loop (Technowax-wire; Protechno, Girona, Spain) on top of it an occlusal platform wax (Cavex, Haarlem, Netherlands) to provide a flat surface to receive the cyclic loads (24, 26) . Two cotton pellets were compacted on top of the abutment screw of each abutment and screw access channels were sealed flush with softened and compacted modeling wax (Cavex, Haarlem, Netherlands) (26) . The intaglio surfaces of the crown copings were sandblasted in the lab with 110 µm aluminum oxide particles (Renfert, Hilzingen, Germany) at 2-barometer pressure then rinsed thoroughly with water spray and dried with oil-free air (26) . A RelyX Temp NE (3M ESPE. St Paul. USA) was mixed according to the manufacturer's instructions and applied into coping intaglio with small brush to completely cover all the internal walls (3).
Each crown coping was seated on the corresponding abutment and held in place with finger for 10 seconds and then a static load of 6-kg weight was applied for 10 minutes to provide complete seating of the crown (18) . Excessive cement was removed after setting with a plastic curette to avoid scratches on metal surfaces (27) . After cementation, specimens were placed in an incubator at 100% humidity at 37°C for 24 hours, then subjected to 500 cycles in a thermocycling machine between 5ºC (±2ºC) and 55ºC (±2ºC) with a 20 seconds dwell time in each bath, and 5-10 seconds interlude between water baths as in-vitro simulation of thermal stresses in oral environment (26) . Then specimens were subjected to 5000 cycles of compressive load to simulate 6 months of average human masticatory function (26) . The specimens were mounted on a universal testing machine (Comten Industries Inc, USA) and a vertical tensile stress was applied at a crosshead speed of 2.5 mm per minute, to dislodge the copings from the abutments (Fig. 3) . The peak load to dislodgment was recorded in Newton (N) and used to indicate the retentive value.
After the retention test, the copings and abutments were evaluated for failure mode (Fig.4) according to the location of the residual cement with x5 magnification Stereoscopic Microscope (Olympus, Tokyo, Japan). Full thickness residues on the abutment or coping were denoted as adhesive failure. Cohesive failure was denoted when the failure was within the cement and partial thickness residues were seen on the abutment and the opposing surface of the coping. A combination of adhesive and cohesive failure was considered a mixed failure (27) . Collected data were analyzed by IBM SPSS software, using one-way analysis of variance (ANOVA) and Tukey's HSD tests.
Statistical analysis
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. Qualitative data were described using number and percent. Quantitative data were described using minimum and maximum, mean and standard deviation and median. For normally distributed data, comparison between the three studied groups were analyzed using F-test (ANOVA) and Post Hoc test (Tukey) for pair-wise comparisons, while for abnormally distributed data Kruskal Wallis test was used to compare between different groups and MannWhitney Test was assessed for pair-wise comparisons. 
RESULTS
The one-way ANOVA indicated that the additional circumferential grooves significantly increased the retention of the copings. The retentive values of crown copings cemented on abutments of Group IV had the highest mean tensile bond strength (157.52 N), followed by Group III (136.94 N), then Group II (112.16 N), then Group I (control group) (111.86 N) as seen in (Fig.5) and (Table 1 , 2). Tukey's HSD test revealed that the mean tensile strength of Group IV was significantly higher than the other groups (P<0.0001) while there was no significant difference between Group II and Group I (control group) (P=0.999) ( Table 3 ). The cement failure mode seen in this investigation was generally adhesive in nature, although some mixed failures were observed. Copings cemented on abutments in Group I and Group II exhibited adhesive type failure occurring at abutment/cement interface, where full thickness of cement remnants were found primarily (more than 50%) over the inner-surface of the copings while small full thickness cement remnants were found on the abutment shoulder. Group III and Group IV exhibited mixed (adhesive/cohesive) type failures with greater than 50% of full thickness cement remnants being found on the coping intaglio denoting adhesive failure mode. While, partial thickness cement remnants were found on abutment surface within and around its circumferential grooves as result of cohesive failure mode.
DISCUSSION
In this study, the effect of additional grooves of the abutments on the retention of the coping was evaluated. This study demonstrated that adding circumferential grooves to abutments increased the abutments surface area by production of cement lock against dislodgement forces, thus increased the retention of provisionally cemented crowns in comparison to axial groove and control group.
There are so many factors involved in retention of implant-supported crowns. The factors like abutment configuration and height of the abutment are determined by the particular clinical situation and cannot be changed as per the clinician's choice. Abutment surface modifications a factor that can be easily altered to influence the amount of retention required.
When selecting a luting agent, it is important for the cement to be easily manipulated and removed without any damage to implant components. Since there is no risk of decay on the abutments, implant restoration is cemented with temporary cements at delivery appointment as they are much weaker than definitive cements and permit retrievability of the restorations. In this study, RelyX NE cement was used as non-eugenol temporary cement for implant restoration as suggested by many authors when retrievability is needed (6-11). While Mehl et al (3) suggested zinc phosphate and glass ionomer cements for semipermanent cementation.
However, many problems encountered with provisional cements such as their insufficient resistance to functional force. Therefore where temporary cements cannot maintain proper retention for restoration, additional means of retention must be done. Numerous studies have been carried out to test the effect of abutment surface modification on the retention of implant restoration. In this study, surface modification of implant abutment by means of circumferential grooves was found to be an effective method of improving the retention of cast crowns cemented with non-eugenol temporary cement. This was similar to the findings of de Campos et al (15), Lewinstein et al (27) and Sahu et al (28) .
The tensile strength values in this study suggested that addition of circumferential grooves increased the retention of RelyX Temp NE. The mean retentive forces werefor Group I (111.86 N), Group II (112.16 N), Group III (136.94 N) and Group IV (157.52 N). Since the experimental conditions of other studies were not exactly the same, the basis of comparison for results is questionable. Wolfart et al (29) investigated the retention of copings cemented with various cements to abutment with axial groove without thermocycling or cyclic loading; their reported retentive force was 177 N for Freegenol. Lewinstein et al (27) evaluated the effect of circumferential grooves on the retention of cast copings cemented with various types of cement on implant abutments after thermocycling but without cyclic loading. Theyreportedthat the mean retentive forces for no grooves were 170 N for Tempbond NE, for 2 circumferential grooves were 203.8 N and for 3 circumferential grooves were 241.9 N. Their higher values obtained for samples with retentive grooves were similar to those reported by Sahu et al (28) . In this study, the low retention values could be attributed to the lifting effect of thermocycling to the copings from their abutments and the compressive cycling loading, which when combined together, had detrimental effect on retentive properties of various cements.
Mansour et al (30), Alfaro et al (31) and Dudley et al (26) in their studies reported that all tested cements demonstrated adhesive failure to crown coping surface due to the rough sandblasted coping intaglio which provided greater micromechanical retention than the smooth titanium abutment surface. In this study, the bond failures of samples of abutments without groove and with axial groove occurred at the interface of cement and abutment. Remnants were found mostly on the coping intaglio denoting adhesive failure mode and some remnants found on the abutment shoulder, which could be attributed to the compaction of cyclic loading. According to the study of Lewinstein et al (27) , cement failure mode was generally adhesive in nature, although some mixed failures were observed. Moreover, in this study, cement failure mode for circumferentially grooved abutments was similar (mixed failure). The pattern of cement remnants on the abutment indicated that circumferential grooves created a cement lock which affected the failure mode and location of remnants. Under the variables investigated in this study, additional studies are recommended to quantify the effect of axial and circumferential grooves on the retention of copings cemented to short abutments by different temporary cements under long-term stimulation for better cement selection.
CONCLUSIONS
Within the limitations of this study, the following conclusions were drawn: 1. Abutment surface modification by axial groove had no significant effect on the retention of crown copings cemented to implant abutments by RelyX Temp NE cement. 2. The surface modification of an implant abutment by means of circumferential grooves could be an effective method of improving the retention of crown copings cemented with RelyX Temp NE cement.
